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INTRODUCTION 
In the aerospace industry, there is an continuing need to characterize the stress 
state in structural materials. This includes structures manufactured using high strength 
steels, such as landing gear components. Magnetic methods have recently been playing 
an increasing role in nondestructive evaluation. Of these methods, the magnetic 
Barkhausen effect has been used with some success due to the dependence of 
Barkhausen emissions on material stress states and microstructures [1]. Magnetic 
methods have been used previously in investigating compressive overloading in high 
strength steels [2,3]. Fatigue failures in landing gear components have resulted in an 
increased awareness of the stress states and corresponding methods for nondestructive 
evaluation of stress. 
Shot peening is used to improve the fatigue strength of materials by the 
introduction of residual compressive stresses to the surface of the structure. Since the 
rate of Barkhausen emissions with magnetization varies with the magnitude of 
compressive stress, one can rely on in-situ magnetic Barkhausen measurements to evaluate 
the effectiveness of the shot peening process. The Stresscan 500C, a commercially 
available device developed by American Stress Technologies Inc., was used for this 
investigation. The data collected using the Stresscan 500C were interpreted in terms of 
a magnetic Barkhausen signal amplitude, MP [4]. A set of laboratory experiments were 
designed to determine the variation of Barkhausen signal amplitude with shot peening 
parameters in high strength HP9-4-30 steel using the Barkhausen effect. 
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BACKGROUND 
Interest in the Barkhausen effect arises from its dependence on material properties 
such as applied stress, residual stress, grain size, carbon content, phase morphology and 
precipitate size and distribution [5]. The origin of the Barkhausen effect is 
discontinuous motion of magnetic domain walls and discontinuous rotation of 
magnetization vector in domains within the material. Magnetic domains, regions of 
similarly oriented atomic magnetic moments, make up the entire volume of the material. 
Magnetic domain walls are the boundaries between the magnetic domains. There are 
broadly two types of domain walls: 90-degree wall and 180-degree walls. The 90-degree 
walls separate volumes that are magnetized at right angles, whereas the 180-degree walls 
separate volumes that are oppositely magnetized [6]. Anisotropy in cubic materials such 
as iron ensures that the walls are either 90 0 or 1800 • The application of either a 
magnetic field or an applied stress causes the domain walls to move. In either case, 
domain wall movement allows domains favorably aligned to grow larger [6]. Favorably 
aligned domains are those with magnetization parallel to the applied stress or magnetic 
field. 
The Stresscan 500C combines the phenomena of magnetoelastic interaction 
between magnetostrictive and elastic lattice strains and the Barkhausen effect. The 
combination of these phenomena permits a quantitative stress evaluation through 
appropriate calibrations because an increase in tensile stress causes an increase in the 
magnetic Barkhausen signal amplitude. Conversely, an increase in compressive stress 
will cause a decrease in the Barkhausen signal amplitude. 
EXPERIMENTAL PROCEDURE 
Cylindrical steel specimens were fabricated to simulate landing gear type 
geometry. These specimens, one of which is shown in Figures la, were fabricated 
using HP9-4-30 steel. Each was heat treated resulting in a Rockwell hardness of 
R,=45 and subsequently ground. As a final step in processing, each specimen was 
shot peened over 50% of its surface area, Fig. lb. A summary of the shot peening 
parameters for each specimen is shown in Table I. 
The three Almen calibration strips prepared at specific Almen intensities and 
pressures were evaluated using the Stresscan 500C, which is shown in Figure 2. The 
Barkhausen signal amplitude, MP, was plotted as a function of depth of penetration. 
Also the Barkhausen envelopes for these samples were plotted at different depths using 
a storage oscilloscope and an XY -recorder. 
Each of the cylindrical samples was measured in both peened and unpeened 
conditions. The measurements were made with probe placement in both parallel and 
perpendicular orientations with respect to the cylinder axis as shown in Figure 3. For 
each specimen, the Barkhausen parameters were measured at each probe location and 
orientation and were plotted as a function of depth of penetration. 
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Fig. la. Cylindrical steel specimens with Almen strips. 
NO SHOT PEENING 
Fig. lb. HP9-4-30 high strength steel shot peen specimen configuration. 
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Fig. 2. 
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Table 1. Shot peen parameters for HP9-4-30 specimens 
Specimen 
1 
2 
3 
4 
5 
Almen Intensity 
0.0045A2 
0.008A2 
0.008A2 
0.0045A2 
0.010A2 
Pressure (psi) 
30 
40 
40 
30 
50 
AST Stresscan 500C with the miniature handheld probe, Sl-138. 
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Fig. 3. Stresscan probe orientation for cylinder inspections. 
RESULTS 
The results of the inspections of the Almen calibration strips are summarized in 
Figures 4 and 5. Figure 4 presents data collected from the calibration strips using the 
Stresscan 500C in terms of the Barkhausen parameter. Figure 4(a) shows Stresscan data 
from a specimen shot peened with an Almen intensity of 0.0045A2 and a pressure of 30 
psi. Figure 4(b) illustrates data collected on a specimen shot peened using an Almen 
intensity of 0.008A2 and a pressure of 40 psi. Figure 4(c) presents data from a 
specimen shot peened using an Almen intensity of 0.01OA2 and a pressure of 50 psi. 
The general trends shown here seem to be consistent with theoretical observations in that 
the Barkhausen activity decreases with increasing compressive stress. Specifically, as the 
Almen intensity increases, there is a corresponding increase in the magnitude of 
compressive stress. With this increase in stress, there is a proportional decrease in 
Barkhausen activity. 
The data in Figure 5 shows Barkhausen emissions as a function of time, which 
were obtained from an oscilloscope trace. Figure 5(a) shows data collected from a 
nominal depth of 0.2 mm, which was the largest nominal depth from which measurements 
were taken. For evaluation of shot peening effects, which are usually restricted to a 
surface layer of depth typically 100 /Lm(O.l mm), this result was the least important of 
the three depth measurements made in this study. Figure 5(b) illustrates data collected at 
0.07 mm, which is an intermediate depth. Finally, Figure 5(c) presents data collected 
at a depth of 0.02 mm, which represents the lower available depth of penetration of 
magnetic emiSSIOns. The differences between these three plots are representative of the 
variation of the magnetic properties with bulk. As can be seen from these series of 
figures, when the depth of penetration exceeds the depth of the shot peened layer, bulk 
properties dominate and the Barkhausen activities significantly decrease. 
1851 
Strip#1 0.0045A2 @ 30 psi 
150 
a; 100 
c: 
a. 
::2: 50 
0 
0 0.05 0.1 0.15 0.2 
Depth in mm 
___ Position A 
-+- Perpendicular to A 
Strip#2 0.008A2 @ 40 psi 
150 
+" 100 Q) 
c: 
a. 
::2: 50 
0 
0 0.05 0.1 0.15 0.2 
Depth in mm 
___ Position A 
-+- Perpendicular to A 
Strip#3 0.010A2 @ 50 psi 
150 
a; 100 
c: 
a. 
::2: 50 
0 
0 0.05 0.1 0.15 0.2 
Depth in mm 
___ Position A 
-+-Perpendicular to A 
Fig. 4. Stresscan data from calibration 
strips. 
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Fig. 5. Barkhausen signals as a function 
of time, which were collected from Almen 
strip 2 ( 0.008A2 @ 40 psi) at depths of 
(a) 0.2 mm, (b) 0.07 mm and (c) 0.02 mm. 
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Fig. 6. (a) to (e), Stresscan data collected from five cylindrical specimens which 
had undergone different levels of shot peening-(a) 0.0045A2 @ 3Opsi, (b) 0.008A2 @ 40 
psi, (c) 0.OO45A2 @ 40 psi, (d) 0.0045A2 @ 30 psi, (e) 0.01OA2 @ 50 psi. 
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The results of the inspections performed on the cylindrical specimens using the 
Stresscan 500C are shown in Figure 6. Data were obtained from both inner and outer 
surfaces and from peened and unpeened surfaces of each specimen. In general, the 
trends show that the unpeened surfaces exhibited greater Barkhausen signal amplitude 
level than did the peened surfaces. This was to be expected since no layer of 
compressive stress exists on unpeened surfaces. Thus the stress state of a surface of a 
piece of steel may be checked by measuring the Barkhausen signal amplitude. Finally, 
a combination of probe orientation and specimen curvature created some degree of 
disparity between data sets. Measurement sensitivity was maximized with probe 
oriented parallel to the cylinder axis, as denoted SHP2A in the Figure 5. 
CONCLUSIONS 
The potential for using the Barkhausen emission method for the determination of 
shot peening quality was demonstrated as a result of this study. Parameters such as shot 
peening depth and uniformity may be determined on a quantitative basis. More work 
needs to be done, however, in the area of quantifying frequency dependence of shot 
peening depth. It seems likely that with suitable choice of band pass frequency filter for 
the detection of the signals, that depth profiling of residual stress as a result of shot 
peening can be achieved. 
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